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Historically, black bears occurred throughout Mississippi but by 1932, <12 bears
remained. Repatriation in neighboring states and conservation efforts in Mississippi have
led to the recolonization of at least 2 subspecies (U. a. luteolus and U. a. americanus) of
black bears in the state. I compiled available data to provide a synthesis of the history,
current status, and management of black bears in Mississippi. Additionally, I used global
positioning data collected from radio collared bears to determine the influence of distance
to source population, cover type, distance to roads, distance to water, wetland reserve
program areas, and human population density on black bear resource selection at various
spatial scales. I studied characteristics of space use and resource selection of recolonizing
bears in the Mississippi Alluvial Valley (Delta). I assessed the influence of environmental
parameters at the female core annual home-range (using 50% kernel density estimator)
and male and female seasonal and annual home-ranges (95% kernel density estimator).
Distance to source population and distance to roads had significant influence at the core
female home-range scale. I found a sex-based difference in annual and seasonal homeranges. I also found that bears exhibited response to and selection for specific resources

with an affinity toward hardwood stands, particularly young-aged hardwoods. My
research illustrates the importance of analyzing resource selection at multiple scales to
gain a full understanding of parameters that influence the recolonization of a bear
population.
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CHAPTER I
INTRODUCTION
Conservation management of large carnivores is complex and challenging for
natural resource managers and researchers. Often the driving factors of population
declines have been over harvest and reduction or modification of habitat and resources
used by these species (Marucco and McIntire 2010). Undeniably, there are contributing
factors that determine whether or not large carnivores can successfully disperse,
recolonize and persist in newly occupied areas (Johnson 1980, Stamps et al. 2005).
Therefore, the spatial distribution of individuals in a population is thought to be in
response to and constrained by limiting environmental parameters at various spatial
scales (e.g. individual, population level; Johnson 1980: Sutherland 1983).
Historically, American black bears (Ursus americanus) have been the largest
native carnivore in the southeastern United States (Brown 1993; Haas 1999; Hall 1981;
Masterson 2006; Pelton 2000). Mississippi once had a thriving bear population and was
regarded as one of the premier states for black bear hunting (Wooding et al. 1994; Young
2006). By the early 1930's, the black bear population in Mississippi was below an
estimated 12 bears statewide (Cook 1943). Since the early 1990’s, the translocation and
repatriation of large carnivores, particularly black bears, has led to substantial increases
and distribution of populations in areas where they were once extirpated (Oronato and
Hellgren 2001, Bales et al. 2010, Scheick and McCown 2014). For the past 15-20 years,
1

the Mississippi black bear population appears to be increasing through natural
recolonization (Young 2006).
Information about black bear recolonization in Mississippi is limited (Young
2006). While black bear management goals have been developed in Mississippi, it is
difficult to guide conservation and management decisions without understanding the
parameters driving the return and potential establishment of a resident black bear
population. The ability to determine the future status of this naturally recolonizing bear
population is uncertain without an understanding of the factors of resource selection that
define the extent to which black bears will occupy areas on the landscape (Johnson
1980).
Further, the risk-disturbance hypothesis suggests that animals will avoid suitable
areas to avoid perceived risks, selecting for less suitable areas (Frid and Dill 2002).
Therefore, where recolonizing black bears establish themselves may depend in part on
whether they select areas to acquire more suitable resources, to escape potential risk, or a
combination of these (Stamps et al. 2005; Waller et al. 2013, 2014). Additionally, bears
are known slow colonizers, and although males distribute themselves relative to females,
females will exhibit philopatry (Swenson et al. 1998). Presently, black bears in
Mississippi have no known natural competitors or predators, other than humans and
conspecifics (Waller 2012). Therefore, black bears in Mississippi provide an opportunity
to model population-level resource selection of a naturally-recolonizing large carnivore.
To analyze this complex natural recolonization process of bears in Mississippi
and to provide managers with information to guide their management for recovery of this
population, I compiled a historical account of bears in Mississippi and tested multiple
2

hypotheses regarding the influence of resource parameters on black bear presence and
distribution. I hypothesized that probability of bear presence would be greater in suitable
habitat near source populations, and bears would consider humans a risk and select areas
farther from roads and areas with lesser human population densities as bears established
their geographic range in Mississippi. Further, I aimed to quantify the relative importance
of environmental parameters (e.g., cover type, elevation, and distance to roads) to
recolonizing black bears in Mississippi. Because of low densities, I hypothesized that
male bears would have larger annual home-ranges to find mates than normally found in
other resident bear populations, and therefore, male home-ranges would be larger than
males in established populations and larger than female ranges in Mississippi. I explored
whether resource selection by bears fluctuate seasonally and annually at a population
level. Similar to other studies in the southeastern United States (Benson and Chamberlain
2007; Moyer et al. 2007; Oli et al. 2002; Unger 2007) I projected that comparable
landscape features (e.g., cover type) would be selected by male and female bears within
their respective home-ranges across seasons and between the two sexes.
Each of the three proceeding chapters will independently provide information on
the history, known status, resource selection to predict probability of occurrence at the
first order scale, resource selection at a second order scale, and annual and season homeranges. Collectively these chapters will improve understanding of resource selection for a
recolonizing bear population and provide managers with information to assist in
development of management strategies for successful perpetuation of black bears in
Mississippi.

3

1.1

Objectives
My objectives were to:
1.

Compile available data to provide a synthesis of the history, current status,
and management of black bears in Mississippi.

2. Evaluate the influence of environmental parameters on the probability of
black bear presence in Mississippi.
3. Assess spatial distribution and relative influence of resource selection for
bears currently recolonizing Mississippi.
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CHAPTER II
HISTORY AND STATUS OF AMERICAN BLACK BEAR IN MISSISSIPPI
Previously published in Simek, S. L., J. L. Belant, B. W. Young, C. Shropshire and B. D.
Leopold. 2012. History and status of American black bear in Mississippi. Ursus
23:159–167. Modified for dissertation formatting.

2.1

Introduction
American black bears (Ursus americanus) are the largest native carnivore in the

southeastern United States (Brown 1993; Haas 1999; Hall 1981; Masterson 2006; Pelton
2000). Historical declines in black bear distribution and abundance in this region have
been attributed to the market trade, sport hunting and illegal take, and land use changes
(Wooding et al. 1994; Young 2006). Mississippi, formerly an important state for bear
hunting regionally, is one of the few southeastern states with a non-hunted bear
population; other states include Louisiana, Alabama, and Florida (Pelton et al. 1998;
Schullery 1988). Historically, black bears occurred throughout Mississippi and currently,
at least two subspecies (U. a. luteolus and U. a. americanus) are present (Young 2006).
In 1932, the black bear population was estimated at <12 individuals (Cook 1943). Since
the 1990s, the Mississippi black bear population appears to be increasing (Young 2006),
a likely consequence of repatriation in neighboring Louisiana and Arkansas (Clark et al.
2002).

5

Information about black bear population status in Mississippi is limited. Also,
much of this information is distributed among state or federal technical reports, status
updates from workshop proceedings, university graduate theses and dissertations, and
reliable web sites (Bowman 1999; Miller 1993; Shropshire 1996; Young 2005, 2006).
Although black bear management goals have been developed, it is difficult to assess
management success without understanding the current species status and distribution.
My objective was to compile available data to provide a synthesis of the history, current
status, and management of black bears in Mississippi.
2.2

Study Area
Mississippi encompasses 123,514 km2 of land, with about 65% forested

(Mississippi Forestry Commission [MFC] 2008). The topography of Mississippi is
generally flat, ranging from 0 to 247 m elevation. The climate is subtropical, with a July
average temperature of 27.0oC and January average temperature of 7.5oC (National
Oceanic and Atmospheric Administration 2006). The southeastern portion of the state is
primarily forested, whereas the Delta region in the northwest and west central parts of the
state is primarily agricultural land with forested areas along the Mississippi River.
Common trees in Mississippi include cottonwood (Populus spp.), elm (Ulmus spp.),
hickory (Carya spp.), oak (Quercus spp.), pecan (Carya spp.), pine (Pinus spp.), bald
cypress (Taxodium distichum), and sweetgum (Liquidambar spp.; Bowman 1999, MFC
2006). Common overstory species include boxelder (Acer negundo), pecan, elm, and
cypress along the Mississippi River levees; red maple (A. rubrum) and mockernut
hickory (C. tomentosa) in mid-central Mississippi; and flowering dogwood (Cornus
florida), longleaf pine (Pinus palustris), and slash pine (P. elliotii) in southeast
6

Mississippi (Bowman 1999). Common understory species range from poison ivy (Rhus
radicans) along the Mississippi River levees; blackberry (Rubus allegheniensis and R.
argutus) and saw briar (Smilax bona-nox) in mid-central Mississippi; to yaupon (Illex
vomitoria) and muscadine (Vitis roundifolia) in southeast Mississippi (Bowman 1999).
Bowman (1999) reported 6 National Forests and 4 National Wildlife Refuges in
Mississippi that combined provide 5,000 km2 of suitable, but potentially unoccupied, bear
habitat. Bowman (1999) also reported 61,800 km2 of additional private forests as
suitable, but potentially unoccupied, bear habitat in Mississippi. Agricultural and urban
lands are estimated at 44,515 km2 and 2,397 km2, respectively, (Mississippi Department
of Agricultural Commission [MDAC] 2009; U.S. Census Bureau [USCB] 2009).
Statewide human population growth has been < 0.5% annually from 2001–2010 (USCB
2012).
2.3

Methods
I compiled published and unpublished literature and records of black bears in

Mississippi. I assembled information into categories similar to previous syntheses for
bears in the southeastern United States (Eastridge 2005; McMullin and Parkhurst 2008):
historical perspective, management and research, distribution, human-bear interactions,
education, and conservation. I used geographic designations defined by the U.S. Fish and
Wildlife Service (USFWS; 1992) to characterize distribution of subspecies. I summarized
black bear natural history in Mississippi. I compiled previous and current state and
federal laws governing black bear management (i.e., harvest management, habitat
management, and species protection), current Mississippi Department of Wildlife,
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Fisheries, and Parks (MDWFP) bear management objectives, and previous black bear
research in Mississippi.
I compiled location data of bears captured during research and management
efforts as well as occurrence reports maintained and verified by MDWFP, USFWS, and
Mississippi State University (MSU) through 2010. Reports included bear observations
(e.g., sightings or tracks), road kills, and illegal harvests. Reports were verified based on
reported descriptions, submitted images, or site inspections. For reports where multiple
observation methods were recorded, the more conclusive evidence was used to identify
bear presence (e.g., a sighting was more conclusive than tracks). I used verified reports
and those from previous surveys (Shropshire 1996) to summarize frequency of black bear
occurrence and distribution before and since 2002. A more unified and consistent
reporting system was initiated by MDWFP in 2002, therefore I expected an increase in
verified occurrence reports. Consequently, I used MDWFP verified occurrence reports
recorded with physical locations from 2002–2010 to map occurrences by county.
I summarized human-bear interactions through September 2011, including mortalities
due to vehicle collisions, illegal take, and other causes (e.g., accidental mortality from
capture). I also summarized reported human-bear conflicts by type of conflict (e.g.,
apiary damage). I described recent outreach programs conducted by state, federal, and
private entities. I reviewed black bear legal actions, including codes and regulations, and
fines or actions imparted for illegal activities. I also described current habitat and species
conservation measures for black bears, including habitat restoration programs, and
estimated extent of areas conserved in Mississippi as suitable but unoccupied black bear
habitat.
8

2.4
2.4.1

Results
Historical Records of Black Bears in Mississippi
The earliest records of black bears in Mississippi were fossil remains from

Lowndes and Noxubee counties that date to Rancholabrean and Holcene deposits about
12,000 years before present (Kurtén and Kaye 1982). Black bears were used by Native
Americans in Mississippi for religious ceremonies and as a source of food, clothing, and
currency with European explorers in the 1500s (Swanton 1979; Young 2006).
During the late 1600s and early 1700s, when European settlements expanded in
Mississippi, suitable black bear habitat existed throughout the state (Shropshire 1996).
This included hard and soft mast-producing tree species, switch cane (Arundinaria
gigantea), grasses, and bald cypress (Weaver et al. 1990). Before the 1850s, habitat in the
Mississippi Alluvial Valley (Delta) region of Mississippi was described as dense
canebrakes and bottomland hardwood forests suitable for black bears (Young 2006).
Black bears occurred throughout the Delta region as well as areas of dense vegetation
along streams near the Gulf Coast. In northwestern Mississippi, bears consumed poke
berries (Phytolacca americanus), persimmons (Diospyros spp.), and other soft mast until
hard mast (e.g., hickory nuts, acorns) became available in the fall (Hough 1895). In
central Mississippi, bears apparently consumed hard mast species (e.g., oaks, hickory,
black walnut [Juglans nigra], chinquapin [Castanea spp.], and hazelnut [Corylus spp.])
along wetlands and rivers which also harbored potential den tree species such as bald
cypress (Williams 1930).
In the early 1800s, bears remained common in canebrakes, which provided
refuges as land and swamps were cleared and drained for agriculture (Young 2006). By
9

the mid-1800s, bear hunting for subsistence and trade was replaced with sport hunting,
particularly in the Delta which contained comparatively high bear densities (Young
2006). Several prominent bear hunters in the United States (e.g., Wade Hampton III, Holt
Collier, R. E. Bobo) hunted throughout the Delta. President Theodore Roosevelt’s
famous 1902 bear hunt, which lead to the creation of the teddy bear as a children’s toy,
occurred in Sharkey County, Mississippi.
Black bears persisted in the Tallahatchie and Mississippi River bottoms through
1880 (Crick 1880). In 1882, good bear hunting was possible in seven counties, primarily
in western Mississippi (Hallock 1883). Bears also occurred in the swamps of Yazoo
River, Big and Little Sunflower Rivers, Steele’s Bayou, and Deer Creek (P. 1885). As
hunting and land conversion for agriculture increased during the early 1900s, remaining
bears became isolated in small, fragmented pockets of habitat (Young 2006). Black bears
were considered uncommon in 20 of 82 Mississippi counties and absent from all other
counties in a 1978 statewide survey by the Mississippi Game and Fish Commission
(Shropshire 1996).
The first management action for conserving black bears occurred in 1932 when
the newly created Mississippi Game and Fish Commission closed black bear hunting
(Young 2006; Table 2.1). The statewide black bear population was believed to be <12
individuals (Cook 1943). In 1934, six individuals (three pairs) were released in
Mississippi (Cook 1943, Young 2006); the source population, release locations, and sex
of these individuals are unknown. Black bears were included on the Mississippi list of
rare and endangered vertebrates in 1975 (Rare and Endangered Species Committee
1975), but not listed as state endangered until 1984 (Shropshire 1996).
10

2.4.2

Legal Conservation Measures
In 1992, black bears in the historic range of the Louisiana black bear (U. a.

luteolus) were federally protected in Mississippi (U.S. Fish and Wildlife Service 1992).
The federally-designated range of Louisiana black bear in Mississippi includes the
southern two-thirds of Mississippi (Figure. 2.1). Based on similarity of appearance, other
bear subspecies (e.g., U. a. americanus) occurring within this designated range were also
listed as federally threatened. Because black bears had already been listed as a state
endangered species in Mississippi, direct improvements for bears and bear conservation
in the state from federal protection were unclear. However, recovery efforts in
neighboring states of Louisiana and Arkansas likely facilitated increasing numbers of
bear within their borders, and may have contributed dispersing bears to bolster
recolonization of Mississippi bear habitat. Anecdotal evidence suggested the bear
population size in Mississippi was insufficient to restore bears through population
augmentation; MDWFP was concerned that without sufficient resident black bears,
augmentation would be unsuccessful (MDWFP files, Jackson, MS). Additionally,
research indicated that the Mississippi River may form a partial barrier for bear
movements between Mississippi and Louisiana and Arkansas (White et al. 2006).
Therefore, MDWFP emphasized providing habitat and continued species protection
(Young 2006).
Another possible advantage to federal protection has been the increased penalty
associated with killing a bear within the Louisiana black bear range. Presently,
intentionally killing a black bear in Mississippi is a state offense, and if within the
Louisiana black bear range, a federal offense. The state sanctioned Class I violation
11

carries a fine of $2,000–$5,000 and loss of hunting privileges for 1 year. Whereas, the
federal offense carries a fine up to $50,000 and 1 year imprisonment. However, it is
unclear if greater fines associated with killing bears within Louisiana black bear range
have reduced bear mortality. Although critical habitat as defined by the USFWS (2012)
has not been designated for black bears in Mississippi, protection from harvest has been
extended to den and candidate den trees (bald cypress and tupelo gum [Nyssa sylvatica])
occurring along streams, rivers, bayous, sloughs or other water bodies within the
subspecies’ occupied range, and exhibiting the following characteristics: visible cavities
and diameter at breast height > 91.4 cm. These den-tree characteristics were considered
primary constituent elements by the USFWS for the Louisiana black bear (Figure 2.1;
USFWS 1992, 2009).
In 2002, MDWFP created a permanent biologist position to oversee the newly
developed black bear program, and in 2006, developed a black bear management plan
that identified programmatic goals (Young 2006). Goals were designed to educate staff
on bear ecology, capture and handling techniques, provide improved assistance to
residents who may encounter black bears and minimize negative encounters, address
development of long-term databases, enhance habitat, and minimize mortalities to
facilitate black bear population recovery. The 2006 management plan is scheduled for
review at 5-year intervals to evaluate effectiveness and revise objectives as warranted.
2.5

Black Bear Research in Mississippi
Black bear research in Mississippi has been limited. During the 1990s, several

research projects were supported through Mississippi State University. Miller et al.
(1994) tested efficacy of bait stations and remote cameras to monitor bear populations.
12

Shropshire (1996) examined the history, distribution, and abundance of black bears, and
investigated stakeholder support for black bears. She suggested that increasing reports of
bears in Mississippi may have been dispersing males from increasing populations in
neighboring states. Shropshire (1996) also quantified suitable bear habitat by combining
land use and overstory vegetation in counties with reliable sightings, identifying Adams
County as the most suitable (Figure 2.1). She also included a template for an educational
program due to the lack of accurate knowledge people had about bears in Mississippi.
Bowman (1999) further modeled estimates of black bear habitat suitability using habitat
associations reported in the literature and human attitudes toward bear restoration
(Bowman et al. 2001, 2004). Bowman et al. (2004) identified areas in southern and
western Mississippi with most suitable habitat but these areas lacked connectivity.
Current research in Mississippi is further assessing black bear habitat suitability,
connectivity, and recolonization potential (e.g., Waller et al. 2012).
Additional black bear research supported by Mississippi State University was
conducted in Louisiana and Arkansas during the 1980s and 1990s (Oli et al. 1997, 2002;
White et al. 2000). Research conducted in Louisiana and Arkansas has improved my
understanding of black bear isolation and recolonization in Mississippi through
documenting black bear movements, dispersal, space use, and denning ecology (Oli et al.
1997, 2002; White et al. 2000). Other studies have suggested that bears living north of the
USFWS subspecies line in Mississippi (Figure 2.1), may be hybrids of U. a. luteolus and
U. a. americanus or more closely related to U. a. luteolus (Idiki et al. 2003; Kennedy
1989; Van Den Bussche et al. 2009).
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2.6

Current Status of Black Bears in Mississippi
I documented 846 bear occurrence reports in 70 of 82 counties from 1967 to

2010. Recent (2002–10) reports were predominately from southeastern and western
Mississippi (Figure 2.1). Most reports (80%) occurred during 2002–10, with 28% from
three counties along the Mississippi River; Bolivar (n = 94 total; 61 from 2002 to 2010),
Sharkey (n = 79 total; 62 from 2002 to 2010), and Issaquena (n = 65 total; 42 from 2002
to 2010). Overall, sightings were the most reported type of occurrence (72%).
Observations of bears from 2002 to 2010 were most frequently reported as sightings
(52%), followed by photographs (23%) and bear sign (15%).
Recording of black bear occurrence reports in Mississippi has improved since
formation of the MDWFP black bear program in 2002. Increased number of bear
occurrence reports suggests improved reporting of bear sightings, an increasing bear
population, or greater human interest in and support of black bears (Simek et al. 2005).
Each of these explanations are consistent with the objectives of the MDWFP black bear
management plan (Young 2006).
Prior to 2005, the last recorded black bear reproduction in Mississippi had
occurred in 1976, when five bears were observed in Issaquena County, two of which
were identified as cubs-of-the-year. In 2004 a radio-collared female from Louisiana
moved to southwest Wilkinson County, Mississippi, and produced five cubs observed in
March 2005. However, since 2005, at least one litter of cubs has been documented
annually except in 2009. In 2011, six litters were documented, comprising at least 10
cubs. All recent documented reproduction has occurred in counties along the Mississippi
River (i.e., Bolivar, Issaquena, Warren) and in Delta National Forest (Sharkey County).
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I documented 30 adult bear mortalities (4 females, 19 males, and 7 undetermined)
and one cub (female) mortality as having occurred from 1972 to September 2011 in
Mississippi. Additionally, I documented three mortalities of bears (all males) that were
initially captured in Mississippi, but died elsewhere: two in Arkansas (unknown cause of
death) and one in Alabama (vehicle collision). Humans were the leading cause (80%) of
known adult bear mortalities in Mississippi. Eleven adult bears (2 females, 5 males, 4
undetermined) were killed by vehicles, 10 (1 female, 7 males, 2 undetermined) were
illegally killed, 2 males and 1 female died during capture efforts, one male died from
electrocution after contact with a transformer, and 5 (4 males, 1 undetermined) died from
unknown causes. Vehicle collisions and illegal take have also been identified as leading
causes of black bear mortality in other southeastern states (Pelton et al. 1998; Simek et al.
2005). However, without knowledge of population size, it is difficult to assess overall
effects of human-caused mortality on black bears in Mississippi.
2.6.1

Human-bear Conflicts
Before inception of the MDWFP black bear program, no formal mechanism

existed to file conflict complaints. Thus, conflict complaints were informally noted and
often addressed by USDA Wildlife Services, MDWFP staff, or government entities from
adjacent states (Young 2006). Informal conflict complaints during the 1990s included
damage to houses, raiding garbage, eating pet foods, and apiary or agriculture damage
(Young 2006). In 1994, an adult female bear was captured after raiding several beehives
in or near Wilkinson County. This bear continued to damage apiaries, and was relocated
in 1996 to Stone County, then recaptured in the backyard of a residence in Hinds County
and relocated to Wilkinson County. In 1995, an adult male was captured and ear-tagged
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after raiding watermelon patches and apiaries in Wilkinson County. In 1998, this bear
was struck by a vehicle in Amite County (Young 2006). In 2000, another male bear was
captured after damaging houses in Pearl River County. One year after being ear-tagged
and released along the Pearl River, this bear was captured in Mobile County, Alabama for
eating pet food and raiding garbage in the area. The bear was brought back to Mississippi
and placed in the Jackson Zoo (Young 2006).
In 2002, a formal process for recording conflict complaints was initiated by the
MDWFP black bear program. Between 2002 and 2006, no conflict complaints were
recorded. However, 21 conflict complaints have been reported since 2006. The three
most common damage complaints since 2006 have been apiaries (n = 7), wildlife feeders
(n = 5), and fruit crops (n = 3). Conflict complaints in Mississippi have been similar to
those reported in other areas of the eastern United States and Canada, except that garbage
was reported as a primary attractant in these regions (McMullin and Parkhurst 2008;
Pelton et al. 1998). Conflicts have been resolved by MDWFP personnel using
management techniques such as electric fencing and removing attractants. In addition,
translocation has been used to resolve two conflicts.
Both government agencies (including MDWFP and USFWS) and private entities
(e.g., Bear Education and Restoration Group of Mississippi[BEaR]), have promoted
human-bear coexistence and developed and distributed educational materials (e.g.,
presentations, education pamphlets) to inform citizens, sportsmen’s groups, civic clubs,
and natural resource professionals on bear ecology, behavior, and conflict prevention
measures (e.g., electric fencing, removal of bear attractants) to minimize negative
encounters and encourage conservation to benefit bears (Young 2006). Public festivals,
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such as the Great Delta Bear Affair which has attracted >6,000 individuals annually, have
been sponsored by local, state, and federal governments, together with private businesses
and citizen volunteers. These events have provided opportunities to illustrate the history
of black bears in Mississippi and inform citizens on bear ecology, management, and
current research. Other states, such as Florida, have similar festivals used to increase
citizen awareness of black bears and participation in practices to prevent conflicts with
bears (Masterson 2006).
2.6.2

Bear Habitat in Mississippi
Bear habitat in Mississippi, although estimated at <20% (20,234 km2) of historic

levels by 1980, continued to decline in quality due to fragmentation and intrusion by
humans (Young 2006). Recently, the black bear has been a focal species considered for
conserving and restoring hardwood habitat in Mississippi. For example, the USFWS
identified areas of Mississippi along the Mississippi River and throughout the Delta, in
addition to counties in southeastern and southwestern Mississippi, as potential bear
corridors that could connect larger tracts of land presently occupied or that contain
suitable bear habitat (Young 2006). The State Acres for Wildlife Enhancement habitat
initiative (SAFE) under the Conservation Reserve Program (CRP) has been designed to
improve priority wildlife habitat (USDA 2011). The SAFE practice was approved to
restore 32.2 km2 of native bottomland hardwood forests and semi-permanent wetlands in
Mississippi over five years and represents the only SAFE practice program specifically
approved for black bear conservation (USDA 2011).
Other programs that are likely to create habitat suitable for black bears include
CRP and the Wetlands Reserve Program (WRP; Ferris and Siikamaki 2009). Over 3,156
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km2 of Mississippi forest have been enrolled in CRP, and over 741 km2 of land were
under WRP easements as of summer 2011 (K. Nelms, National Resource Conservation
Services [NRCS], personal communication, July 11, 2011). About 18% (579 km2) of
CRP lands have been planted to create riparian buffers on agriculture lands (Young
2006). Ninety three percent (688 km2) of habitat restored through WRP in Mississippi has
occurred on private lands (K. Nelms, NRCS, personal communication, July 11, 2011).
Additionally, private programs sponsored by other entities including Delta Wildlife,
Ducks Unlimited, Wildlife Mississippi, and USFWS Partners Program have planted trees
to provide black bear habitat (Young 2006). Bowman (1999) estimated that 5,000 km2 of
suitable bear habitat on public lands within 6 national forests and 4 national wildlife
refuges remained in Mississippi. Through the CRP, WRP, and SAFE practice, suitable
bear habitat in Mississippi could increase Bowman’s 1999 estimate by an additional 78%.
2.7

Discussion
My data suggests that occupied black bear range in Mississippi has increased and

that bears have been returning to areas within their historic range. Because of habitat loss
and overharvest, abundance of American black bears declined markedly in Mississippi
from the late 1800s to mid-1900s. Human-induced mortality remains the leading known
cause of bear mortalities in Mississippi. However, through legal protection, the black
bear population appears to be increasing, as suggested by recent high numbers of
sightings reported annually and observed reproduction. The resident bear population in
Mississippi is likely in part a consequence of bears dispersing from adjacent states of
Louisiana, Arkansas, and Alabama. Continued and coordinated education, legal
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protection, habitat management, and research will facilitate population expansion and
ensure the long-term persistence of black bears in Mississippi.
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Prominent events for American black bear management in Mississippi,
1902-2008.
Year

Event

1902

President Theodore Roosevelt came to the Mississippi Delta to hunt black
bear. Holt Collier was hired as the president’s guide on this hunt. After a long
pursuit on the first morning of the hunt, Collier offered a lassoed and injured
bear for President Roosevelt to harvest. President Roosevelt refused to shoot
the injured bear, stating it would be unsportsmanlike. This event led to the
creation of the Teddy bear.

1932

Mississippi Game and Fish Commission created and closed hunting of black
bear; bear population estimated at 12 individuals (Cook 1943).

1934–
1935

3 pairs of bears released as part of a restocking program.

1955

Miller and Kellogg (1955) designated the Louisiana black bear as a
subspecies of the American black bear; Ursus americanus luteolus.

1975

Black bear included on the list of rare and threatened vertebrates of
Mississippi.

1976

Last reported reproduction before 2005 occurred in Issaquena County (5
bears observed including 2 assumed cubs of the year).

1984

Mississippi Department of Wildlife Conservation classified the black bear as
a state endangered species with estimated population of 25.

1987

U.S. Fish and Wildlife Service was petitioned to list the Louisiana black bear
as an endangered species under the Endangered Species Act of 1973.

1990

U.S. Fish and Wildlife Service proposed Federal listing of the U. a. luteolous
subspecies as threatened within its historic range.

1992

U.S. Fish and Wildlife Service listed the luteolus subspecies as threatened.
All other bears occurring within the range of the U. a. luteolus were protected
due to similarity of appearance. Protection also includes den and candidate
den trees within occupied Louisiana black bear habitat.

2005

First documented occurrence of reproduction in Mississippi since 1976. Adult
traveled from Louisiana into Wilkinson County, Mississippi and produced 5
cubs.
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Table 2.1 (continued)
2006 Mississippi Department of Wildlife, Fisheries, and Parks published a black bear
management plan outlining primary focus topics which include: education and
training for MDWFP personnel, education for Mississippi citizens, bear
research, managing human-bear conflict, human-induced mortality (Young
2006).
2007 Two cubs known to have been produced from a single litter in Sharkey and
Issaquena Counties, Mississippi.
2008 Mississippi was granted funding through the National Resource Conservation
Service for State Acres for Wildlife Enhancement Habitat Initiative to restore
32.2 km2 of bottomland hardwood forests and wetlands in 18 western
Mississippi counties.
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Figure 2.1

Reported occurrences of American black bears (Ursus americanus) in
Mississippi, 2002-2010.

Federally-designated geographic ranges of Louisiana black bear (U. a. luteolus) and
American black bear are south and north of subspecies division line, respectively.
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CHAPTER III
SOURCE POPULATIONS AND ROADS INFLUENCE AMERICAN BLACK BEAR
RECOLONIZATION
Previously published in Simek, S. L., J. L. Belant, Z. Fan, B. W. Young, B. D. Leopold,
J. Fleming and B. Waller. 2015. Source populations and roads affect American
black bear recolonization. European Journal of Wildlife Research 61(4):583–590.
Modified for dissertation formatting.

3.1

Introduction
Factors that define the extent to which carnivores will disperse and expand their

ranges may determine their ability to successfully recolonize and persist in newly
occupied areas (Stamps et al. 2005). Under the first-order selection process (Johnson
1980), individuals in a population will distribute themselves across a geographic or
physical area presumably in response to limiting parameters. Therefore, species range
expansion can be measured at various scales based upon parameter influences on
individuals or at the population-level (Sutherland 1983). Initial population size, habitat
connectivity, physical barriers (e.g., roads and rivers), and availability of resources can
influence carnivore recolonization (Onorato and Hellgren 2001; Paetkau, et al. 1998;
Wydeven et al. 1998). Parameters less frequently assessed include distance from source
population and human population density (Onorato and Hellgren 2001; Paetkau, et al.
1998; Wydeven et al. 1998).
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Although carnivores such as bears (Ursus spp.) and cougars (Puma concolor) are
habitat generalists, the influence of spatial distribution and abundance of suitable habitat
and prey on their reproduction, home-range sizes, and movements has been well
documented (Elowe and Dodge 1989; Kertson et al. 2011; Koehler and Hornocker 1991;
Schwartz and Franzmann 1991). Few studies, however, have examined the spatial
distribution of recolonizing bears based on potential risk following the risk disturbance
hypothesis (Frid and Dill 2002). Most studies have considered genetic relatedness and
inbreeding avoidance with respect to philopatric behavior of the species (Beckmann and
Berger 2003; Costello et al. 2008; Kojola and Heikkinen 2006; Puckett et al. 2014; Roy
et al. 2012).
How carnivores occupy areas depends in part on whether they select areas to
acquire more suitable resources or to escape potential risk (Stamps et al. 2005; Waller et
al. 2013, 2014). The risk-disturbance hypothesis suggests that animals perceive
disturbance stimuli (i.e., human presence) analogous to predation risk and consequently
avoid otherwise suitable areas and therefore select areas more distant from perceived
risks (Frid and Dill 2002). Although less is known about the relationship between roads
and recolonizing carnivores, impacts of high traffic volumes, high road densities, and
avoidance of habitat along roadways can influence carnivore distribution and seasonal
habitat use (Kasworm and Manley 1990; Mace et al. 1996; Reynolds-Hogland and
Mitchell 2007). Perceived increased risk from vehicle collisions on high traffic volume
roads or human activities associated with low traffic volume roads may explain road
avoidance by bears (Brody and Pelton 1989; Reynolds-Hogland and Mitchell 2007).
Further, Mace et al. (1999) evaluated the cumulative effects of human activity on grizzly
24

bear habitat and determined resident bears avoided areas with greater densities of highvolume roads. Additionally, studies of black bear den-site selection suggest that
proximity to roads and predictability of disturbance from humans during denning, for
both resident and recolonizing bear populations, is a perceived risk, and therefore, bears
selected areas more distant from roads (Reynolds-Hogland et al. 2007; Waller et al.
2014).
Presently, the geographic range of American black bear (Ursus americanus) is
expanding in the southeastern United States, and black bears are being documented in
areas where they were once extirpated (Frary et al. 2011; Pelton et al. 1999; Unger 2007).
Based on their spatial ecology, bears are known to be slow colonizers with females
exhibiting philopatry and males distributing themselves relative to females (Swenson et
al. 1998). Understanding spatial distribution and resource selection along the colonizing
front of a species’ range will aid in the conservation and management of expanding, low
density populations (Frary et al. 2011; Verberk 2012).
American black bears (Ursus americanus) were once abundant throughout
Mississippi, but populations declined to near extirpation in the early 1900s due to habitat
loss and overharvest (Shropshire 1996; Simek et al. 2012). The Mississippi black bear
population is now increasing due predominantly to repatriation efforts in Louisiana and
expansion of native remnant populations in Arkansas (Clark et al.2002; Simek et al.
2012). Thus, black bears in Mississippi provide an opportunity to model population-level
resource selection of a naturally-recolonizing large carnivore. Black bears are generalist
species with large home-ranges and in Mississippi have no known natural competitors or
predators, other than humans and conspecifics (Waller 2012). Bear density is low in
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Mississippi and while successful reproduction has occurred in Mississippi, the bear
population present is largely a consequence of expanding bear populations from adjacent
Louisiana and Arkansas (Simek et al. 2012). The first adult female bear to successfully
reproduce was an individual originally captured in Louisiana prior to naturally traversing
to Mississippi. Subsequently, her female offspring established home ranges which
overlapped their mother and later bred and successfully reproduced. Therefore, based on
philopatric behavior exhibited by these bears and the dispersal behavior of males, I
hypothesized that the probability of bear presence would be greater in suitable habitat
near source populations, and bears would consider humans a risk and select areas farther
from roads and areas with lesser human population densities.
3.2

Study Area
The study area encompassed 8,267 km2 in the Mississippi Alluvial Valley of

western Mississippi with elevations ranging from 10–114 m above sea level (Mississippi
Automated Resource Information System [MARIS] 2010; Figure 3.1). The western
boundary of the study area was the Mississippi River. Climate is subtropical, with a July
average temperature of 27.0oC and January average temperature of 7.5oC (National
Oceanic and Atmospheric Administration 2006, U.S. Department of Commerce 2012).
Land cover in the study area includes agricultural (39%), water/wetland (35%), forested
(24%) and urban areas (2%; Mississippi Institute for Forest Inventory [MIFI] 2010).
Common tree species include cottonwood (Populus spp.), elm (Ulmus spp.), hickory and
pecan (Carya spp.), oak (Quercus spp.), and bald cypress (Taxodium distichum)
(Bowman 1999; Mississippi Forestry Commission 2006). Overall, human population
density averaged three people/km2 with percentage change ranging from -30 to 0 for
26

counties within the study area during 2001–2010 (MARIS 2010; USCB 2012; USDA
2012).
3.3

Methods
Black bears were captured using culvert traps and modified Aldrich foot snares

(Johnson and Pelton 1980) from 2004 to 2011. I immobilized bears using 4–5 mg/kg
tiletamine and zolazepam (Telazol; A. H. Robins Co., Richmond, Virginia, USA)
injected using a pole syringe or a projectile dart fired from CO2-charged injection gun
(Benson 2005). I determined sex, weight, and estimated age of captured bears and
marked each with ear tags (Ferring Manufacturing Company, Inc., South St. Paul,
Minnesota, USA) and a passive integrated transponder (PIT) tag (BioMark, Boise, Idaho,
USA). Bears estimated as >1 year old or >54 kg also received a global positioning system
(GPS) radio collar (Telonics, Inc., Mesa, Arizona, USA; Advanced Telemetry Systems,
Inc. [ATS], Isanti, Minnesota, USA; Northstar, King George, Virginia, USA)
programmed to attempt locations at 3.5–6-hour intervals. GPS location data points were
retrieved from each radio collar by downloading stored location data from the collar unit
or through a down linking electronic mail system provided by the manufacturer. All
collars included a degradable leather spacer that would allow collars to release from bears
and avoid injuries (Garshelis and McLaughlin 1998). I released all bears at respective
capture sites. All animals were captured and handled in compliance with the Mississippi
State University’s Institutional Animal Care and Use Committee guidelines (protocol 08052).
I created a multi-variable map of the study area using geographic information
system (GIS) software (ArcGIS; Environmental Systems Research Institute [ESRI],
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Redlands, California, USA). Parameters included cover type, elevation (m), distance to
nearest stream or river (m), distance to roads (m), human population density
(people/km2), and distance to source populations (m). I used 30-m resolution digital
sources for cover type from MIFI (29-m resolution; Mississippi Institute for Forest
Inventory 2010), estimated distance to nearest stream or river using the National
Hydrography Dataset (National Hydrography Dataset; USGS 2011), and I used block
group census data and estimated human population density (people/km2) for each grid
cell (MARIS 2010; USCB 2011, 2012). I estimated distance to nearest road using
Topologically Integrated Geographic Encoding and Referencing (TIGER) system data
(MARIS 2010; USCB 2011), and I estimated elevation using 30-m digital elevation
models (DEM; MARIS 2002). Black bear source populations were considered the nearest
areas with known breeding populations within Louisiana and Arkansas (Crook and
Chamberlain 2010; Eastridge 2007; U.S. Fish and Wildlife Service 2012). Because these
potential source populations for bears colonizing Mississippi occur in federallydesignated wildlife refuges, I used the USFWS (2012) refuge layer to estimate distance
(m) to the nearest source population. I converted all vector data to raster format using 30m resolution in ArcGIS (ESRI 2011). I classified land cover into 7 types using overstory
vegetation and age class: 1) water, 2) pine (all age classes), 3) regenerating hardwood (0–
4 years), 4) young-aged hardwood (5–12 years), 5) medium-aged hardwood (13–20
years), 6) old-aged hardwood (>20 years), and 7) open (MIFI 2010). Open cover type
included bare ground, designated agriculture, or other non-water areas without trees.
As bear movement and habitat selection is minimal during denning, I estimated
annual black bear resource selection during the non-denning period from 15 March to 14
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December (Benson and Chamberlain 2007; Waller et al. 2012). I used GPS location data
collected from all bears (male and female) to estimate resource selection. I used a 50%
fixed kernel density estimator with least squares cross validation (Seaman and Powell
1996) to calculate core annual home-ranges for female bears (n = 9). Similar to other
studies (Bowman 1999, Unger 2007), I used the mean core annual home-range for bears
with multiple years of GPS location data and the grand mean annual core female homerange to calculate the grid cell size for analyses, and then generated a grid across the
study area; again to illustrate first-order population level selection. Female home-ranges
were selected because these areas include breeding and young-rearing areas and are
considered to better represent food and cover requirements for black bear populations and
because females exhibit greater philopatry than males and males tend to distribute
themselves relative to female presence, thereby establishing the geographic range for a
newly colonized bear population (Bowman 1999; Unger 2007; Van Manen and Pelton
1997).
For each grid cell, I calculated dominant land cover type (based on majority land
cover type within the cell), mean elevation (m), and mean human population density
(people/km2). I also measured distance to nearest water, road, and source population
using the geographic center of each cell. I then calculated number of times bears were
located in each cell (i.e., count data).
I used R Project software (R Development Core Team 2012) for modeling and
standardizing all continuous variable values before executing models. I tested for
multicollinearity (r > 0.7) of parameters to establish which parameters to include in
candidate models (Libal et al. 2011). Because bears are terrestrial, I designated water as
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the reference land cover type, used cell count data as the response variable, and selected
23 models which I considered biologically meaningful including model term interactions
(e.g., interaction of cover type and distance to source population). I transformed all
continuous parameters using Box-Cox transformation. I used Moran’s I index to
determine if spatial dependency of locations was significant (α < 0.05; Lee 2001; van
Emden 2008). Because I expected locations to be spatially autocorrelated, I used spatial
autoregressive models (SAR; y=ρWy+xβ+ε ; where y is the vector of observations on the
dependent variable, ρ is the spatial autoregression parameter, W is the spatial weight
matrix; ρWy is the spatial autocorrelation term (influence of neighbor on each term; 8
neighboring cells); x is the matrix of observations on the explanatory variable, β is the
vector of regression , and ε is the vector of unobservable error) to account for
autocorrelation among observations (Kazar and Celik 2012).
I used Akaike Information Criterion corrected for small sample sizes (AICc),
ΔAICc (the difference in AICc from the best model to subsequent models), and Akaike
weights (wi) to select the most parsimonious model (Burnham and Anderson 2002). I
considered models with ΔAICc <2 as competing models and used model averaging in
these cases (Burnham and Anderson 2002). I calculated 95% confidence intervals for
SAR model parameter estimates. Using the model averaged parameter estimates I
calculated probability of bear occurrence for each grid cell within the study area.
3.4

Results
I used 26,898 locations from 23 bears (12 males, 11 females) radio-collared from

2005–2011 for a total of 32 bear years of data. Female annual core home-range was 14.4
km2 (sd = 10.9 km2). Consequently, I established 564 3.8-km grid cells across the study
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area. Percentage land cover across the study area was categorized as open (71.1%),
regenerating hardwood (2.5%), young aged hardwood (2.7%), medium aged hardwood
(1.0%), older aged hardwood (14.7%), water (7.3%), and pine (<0.1%). Percentage of
grid cells with >1 bear location was 24.9% and < 8% of the cells had 9 or fewer points.
Multi-collinearity was not noted among any pair of variables (r < 0.42). Human
population density within the study area ranged from 0–306 people/km2 and averaged 22
people/km2.
As bear locations were spatially auto correlated (Moran’s I statistic = 0.26, P <
0.001), spatial autoregressive analysis was appropriate to assess population-level resource
selection. The best supported model was Count~Distance to Roads*Distance to Source
(AICc = 89.16, wi = 0.535; Table 3.1). The second best supported model was
Count~Distance to Source (AICc = 89.45, wi = 0.465). The next best-supported model
was Count~Distance to Roads; which resulted in a ∆AICc = 2.0 (AICc = 91.45). Cover
type, elevation, distance to water, and human population density were not identified as
important model parameters. The model averaged parameter estimates from SAR models
indicated bears selected areas more distant from roads and closer to source populations
(Figure 3.1 and 3.2). Distance to source population was 5.5 times more influential in
black bear space use than was distance to roads.
3.5

Discussion
While disturbances which fragment and isolate habitats adversely affect wildlife

populations and population expansion (Duke et al. 2001; Schwab and Zandbergen 2011),
influences of source population, human disturbance, and other factors influencing
recolonization of large carnivores are poorly understood. Distribution of the recolonizing
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black bear population in Mississippi was influenced most by degree of isolation from the
source population followed by landscape fragmentation by roads. Space use of
recolonizing black bears in Mississippi supported the hypotheses in that areas of apparent
suitable habitat nearer source populations received greatest use. Further, probability of
black bear use of areas near roads was less, supporting the risk-disturbance hypothesis
(Lewis et al. 2011; Mace et al. 1996; Northrup et al. 2012).
As hypothesized, my findings demonstrate that emigration from established bear
populations in adjacent states (i.e., Arkansas and Louisiana) is facilitating the
recolonization of bears in Mississippi. Following the mainland/island metapopulation
model (Hanski 1991), locations of successful breeding bear populations in adjacent states
are acting as a source for immigration into Mississippi. Though cover type can influence
bear space use, especially at finer spatial scales (e.g., home-range; Wooding and
Hardisky 1994; Young and Beecham 1986), bears did not appear, at the landscape scale,
to establish areas of use based primarily on cover type as reported in other studies (e.g.,
Wooding and Hardisky 1994; Young and Beecham 1986). Proximity of recolonizing
bears in Mississippi to source populations suggests that suitable habitat occurs within
dispersal distances from these populations.
In addition to selecting areas closer to their source populations, recolonizing bears
also selected areas farther from roads. These findings support earlier work that large
carnivores avoid areas close to roads (Wydeven et al. 2001), including grizzly (U. arctos)
and black bears (Kasworm and Manley 1990; Mace et al. 1996; Reynolds-Hogland and
Mitchell 2007). Effects of roads on bear populations include direct mortality, habitat loss
and fragmentation, and habitat avoidance which can result in reduced bear population
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sizes and isolated patches of habitat (Mace et al. 1996; Schwab and Zandbergen 2011). In
my study, bears selected apparent suitable habitat near the source population; however,
use of additional suitable habitat may be constrained by human activity (e.g., roads).
In contrast to roads, human population density did not influence black bear
resource selection. Black bears in exurban areas of California and in isolated populations
in Florida became nocturnal to avoid humans (Lyons 2005; Orlando 2003). Further,
extirpation of large carnivores in areas of low human densities has been documented
(Woodroffe 2000). However, Linnell et al. (2001) and Woodroffe (2000) suggested there
is no association between human population density and carnivore survival if regulations
on resource exploitation (removal of species and habitat alterations) are effectively
implemented. Black bears are currently afforded complete legal protection in Mississippi
(Simek et al. 2012). Therefore, I suggest that the low human population densities
observed in my study, coupled with current regulations prohibiting black bear harvest,
explain why human population density did not influence bear space use.
Elevation, distance to water, and cover type did not influence black bear space use
at the spatial scale I measured. Changes in elevation are minimal (<34 m) and gradual
throughout the study area. Frequency of rivers and streams is high, consequently,
potential to encounter water is high throughout the study area and potential corridors do
not appear limited; particularly for male bears. Although habitat loss or fragmentation
can adversely affect large carnivores, including black bears (Beckmann and Berger 2003;
Laliberte and Ripple 2004; Sadeghpour and Ginnett 2011), cover type did not influence
bear space use at the scale investigated in this study. This could be a consequence of the
spatial (3.8 km grid) and temporal (annual) resolutions measured. Cover type is likely an
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important factor at finer scales (e.g., home-range, den site selection or seasonal space use;
Oli et al. 2002; Waller et al. 2012, 2013, 2014).
I provide population-level evidence that recolonizing bears in Mississippi are
using first-order environmental cues other than cover type to establish areas of
occupation (Johnson 1980). I demonstrated that distance from source population and
distance from roads are useful predictors of population-level space use by recolonizing
black bears. While many areas in Mississippi may contain suitable habitat for bears,
unless these areas are within dispersal distances from source populations, the likelihood
of recolonization may be reduced. Bears may occupy suitable areas across the state over
time, as bears are slow colonizers and as surrogate source populations become
established within the state. Landscape planning and conservation for black bears in
Mississippi should emphasize corridors which connect blocks of suitable habitats to
facilitate black bear movements (principally for males) and dispersal (particularly from
natal areas) while minimizing potential disturbances caused by roads. Because attributes
such as cover type did not determine bear occurrence at the scale measured, my findings,
along with other studies, indicate that factors influencing recolonization operate at
multiple spatial and temporal scales (Kerston et al. 2011; Mace et al. 1999; Waller 2012;
Waller et al. 2012). I suggest that black bear conservation programs use population and
individual level landscape attributes that influence black bear resource selection at
multiple spatial and temporal scales.
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Table 3.1

Model averaged parameter estimates from spatial autoregressive models
(Count~ Distance to Roads*Distance to Source) for population-level
annual resource selection by black bears in Mississippi Alluvial Valley,
Mississippi, USA, 2005–2012.

95% Confidence Interval

Estimate

Standard
Error

Intercept

0.23

0.04

0.18

0.27

Distance to
roads

0.02

0.02

0.00

0.04

Distance to
source

-0.11

0.04

-0.15

-0.06

Parameter

Lower
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Upper

Figure 3.1

American black bear study area within the Mississippi Alluvial Valley,
Mississippi, USA, 2005–2012.
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Figure 3.2

Percentage probability of black bear presence in Mississippi Alluvial
Valley, Mississippi, USA, 2005–2012.
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CHAPTER IV
SPACE USE AND RESOURCE SELECTION OF RECOLONIZING AMERICAN
BLACK BEARS IN MISSISSIPPI
4.1

Introduction
Both temporal and spatial distributions of landscape features influence a species’

ability to occupy new environments or recolonize former range (Beckmann and Berger
2003; Morzillo et al. 2011; Swenson et al. 1998). Although animal movement is a
fundamental concept in wildlife population management, range expansion varies among
species as each species is assessing trade-offs in risk avoidance, forage availability, and
environmental factors on spatial and temporal scales (Bastille-Rousseau et al. 2015;
Mayor et al. 2007; Morris 2003). Following ideal free-distribution, individual animals
will select and aggregate among the best-quality habitat proportional to the amount of the
available resource (Fretwell 1972). Resource selection is a multi-faceted process whereby
species must balance life-sustaining requirements and risks associated with obtaining
those resources (Bastille-Rousseau et al. 2015).
Historically, large carnivore populations were widespread across much of the
United States (U.S.). However, these species declined as a consequence of overharvest
and land use changes resulting in fragmentation and a reduction of available quality
habitat (Frary 2011; Ripple et al. 2014; Woodroffe 2000). Black bears (Ursus
americanus), cougars (Puma concolor), and wolves (Canis lupus), predominately faced
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persecution from hunting, trapping and governmental bounties as well as the depletion of
their prey and forage throughout much of their historic range during the late 1800s and
early to mid-1900s (Ripple 2014). However, habitat conservation, population
management, and an improvement of the public’s views toward carnivores in the U.S.
have facilitated their recovery (Gompper et al. 2015; Ripple et al. 2014).
Many landscape attributes (e.g., elevation, relative habitat quality, and cover type)
have been used to predict where species may expand their distributions (Frary et al. 2011;
Stamps et al. 2005; Unger 2007). Successful establishment of recolonizing bear
populations appears dependent on factors including the ability of individuals to disperse,
locate, and occupy suitable available habitat; maintain sufficient recruitment to enable
population growth within the areas of expansion; and increased human acceptance and
tolerance (Bales et al. 2005; Bruskotter and Shelby 2010; Bruskotter and Wilson 2013;
Sollmann et al. 2016; Swenson et al. 1998).
Before the early 1900s, black bears (Ursus americansus) inhabited all continental
states within the U.S. and were abundant throughout the Eastern U.S. (Pelton 1982;
Scheick et al. 2014), including bottomland hardwood forests and canebrakes of the
Mississippi Delta (Young 2006). By the early 1900s, through over-exploitation due to
unregulated harvest, and conversion of bottomland hardwood forests to agriculture, black
bears were extirpated from many areas formerly occupied in Mississippi (Simek et al.
2012). More recently, through federal and state conservation policies, species protections,
and habitat restoration projects, such as the Wetland Reserve Program (WRP; USDA
2011), black bears have recolonized portions of their former range in the southeastern
U.S., including Mississippi (Scheick and McCown 2014; Simek et al. 2012; Wilton et al.
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2014). While forest tracts are smaller and more fragmented across the former range of
black bears in the southeastern U.S. and Mississippi, black bears are likely to continue to
recolonize suitable habitats because of their ability to disperse long distances and persist
in small breeding populations (Meahr et al. 2003; Smith et al. 2015).
A central concept in understanding natural recolonization of bears in Mississippi
is characterizing space use and resource selection compared with those identified in
resident black bear populations in other areas (Morris 2003). Identifying factors which
influence successful black bear recolonization in Mississippi can further direct
management strategies to ensure a sustainable resident black bear population in
Mississippi. Strategies include developing species and habitat monitoring and restoration
programs, directing where to allocate resources, identifying and protecting lands or
habitats of conservation value to black bears, increasing recreational opportunities, areas
for information sharing and outreach, and opportunities to minimize wildlife conflict of
this species. Knowledge gained will assist in developing improved resource and
population management plans as bears become re-established (Simek et al. 2012, 2015;
Young 2006).
I aimed to quantify the relative importance of environmental parameters (e.g.,
cover type, elevation, and distance to roads) to recolonizing black bears in Mississippi. A
key component of ideal-free distribution (Fretwell and Lucas 1970) is density
dependence. Because of low bear abundance during recolonization, individual bears are
free to occupy discrete (higher quality) habitats and therefore the distribution of bears
should be indicative of the highest quality areas. Due to the low density of bears, I
predicted that males will have increased competing demands to find mates than normally
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found in a resident bear population, and therefore, male annual home-ranges would be
larger than males in established populations and larger than females ranges in Mississippi
due to breeding behavior and resource needs (Hiller et al. 2015; Pope et al. 2017). I
expected resource selection by bears to fluctuate seasonally and annually at a population
level due to availability of resources, variation in energetic requirements, and varying
climate conditions (drought, excessive rain) at different times of the year (Hiller et al.
2015). However, I predicted that male and female bears would select similar landscape
features, including land covers, within their respective home-ranges across seasons and
between sexes, as found in other southeastern bear populations (Benson and Chamberlain
2007; Moyer et al. 2007; Oli et al. 2002; Unger 2007).
4.2

Study Area
The study area was in the Mississippi Alluvial Valley (MAV) or Delta of western

Mississippi and comprised 8,267 km2 (Mississippi Automated Resource Information
System [MARIS] 2010; Figure 4.1). The Mississippi River formed the western boundary
and elevations within the study area ranged from 10 to 114 m above sea level. The
climate was subtropical, with an average January temperature of 7.5oC and average July
temperature of 27.0oC (National Oceanic and Atmospheric Administration 2006, U.S.
Department of Commerce 2012). Human population density in the study area ranged
from 0 to 1580 people/km2 (USCB 2012) and averaged 3 people/km2. The reported
percentage change in human population during 2001–2010 ranged from an average
decline of 30% to no change for counties within the study area (MARIS 2010; USCB
2011; USDA 2011). Land use types within the study area included agricultural (39%),
water/wetland (35%), forest (24%), and urban (2%) (Mississippi Forestry Commission
41

[MFC] 2008; Mississippi Institute for Forest Inventory [MIFI] 2010). Land cover type
within the study area consisted of old hardwood (73.6 %; >20 years), medium hardwood
(7.2 %; 13-20 years), young hardwood (19.2 %, 5-12 years), and mixed forest and pine
(<0.1%, all age classes). Seasonally flooded forested areas occur throughout the study
area with most within the most portion of the study area (White et al. 2001). Common
tree species are cottonwood (Populus spp.), elm (Ulmus spp.), hickory and pecan (Carya
spp.), oak (Quercus spp.), sweetgum (Liquidambar styraciflua) and bald cypress
(Taxodium distichum) (Bowman 1999; MFC 2008). The most common overstory species
included overcup oak (Q. lyrata), nuttall oak (Q. nuttallii) and bald cypress (Bowman
1999). The most common understory and midstory species included sweetgum, blackgum
(Nyssa sylvatica), green ash (Fraxinus pennsylvanica), Virginia creeper (Pathenocissus
quinquefolia), common greenbrier (Smilax rotundifolia), and poison ivy (Rhus radicans).
4.3
4.3.1

Methods
Capture and Handling
Black bears were captured from 2004 to 2011 using culvert traps and modified

Aldrich foot snares (Johnson and Pelton 1980). I used a pole syringe or a projectile dart
fired from CO2-charged gun and captured bears were immobilized using tiletamine and
zolazepam at a dosage of 4–5 mg/kg of estimated body mass (Telazol; A. H. Robins Co.,
Richmond, Virginia, USA; Benson 2005). I equipped bears estimated as >1 year old or
>54 kg with a global positioning system (GPS) radio collar (Telonics, Inc., Mesa,
Arizona, USA; Advanced Telemetry Systems, Inc. [ATS], Isanti, Minnesota, USA;
Northstar, King George, Virginia, USA). During 2004–2008, I programmed GPS collars
to attempt 1 or 2 locations daily and in 2009, increased the relocation interval to 3.5–642

hours. Stored GPS location data were retrieved from each radio collar by downloading
directly from the collar unit or via satellite uplink software provided by the manufacturer.
A degradable leather link was used on each collar to allow collars to release (Garshelis
and McLaughlin 1998) and during 2009–2011 a programmable release mechanism was
also used (Telonics, Inc., Mesa, Arizona, USA). All bears were handled and released at
their respective capture sites upon recovery in compliance with approved procedures of
Mississippi Department of Wildlife, Fish and Parks and Mississippi State University’s
Institutional Animal Care and Use Committee guidelines (protocol 08–052).
4.3.2

Data Layers and Statistical Analysis
I used geographic information system software (ArcGIS 10.1; Environmental

Systems Research Institute [ESRI], Redlands, California, USA) to create map layers of
landscape features for the study area. I converted all vector data to 30-m resolution raster
format in ArcGIS (ESRI 2011). Parameters selected included cover type, elevation (m),
Euclidean distance to nearest water (m), Euclidean distance to nearest road (m), wetland
restoration program lands (WRP), and human population density (people/km2) (Simek et
al. 2015). I used 30-m resolution digital sources for cover type (MIFI 2010), estimated
distance to nearest stream or river using the National Hydrography Dataset (National
Hydrography Dataset; USGS 2011, 2016), and used block group census data to estimate
human population density (people/km2) for each 30-m cell (ESRI 2015a; USCB 2011,
2012). I estimated distance to nearest road using ESRI Street Map system data (ESRI
2015b) and elevation using 30-m digital elevation models (DEM; MARIS 2002). I
classified land cover into 5 types using overstory vegetation and age class: 1) water, 2)
young-aged hardwood (0–12 years), 3) medium-aged hardwood (13–20 years), 4) old43

aged hardwood (>20 years), and 5) open (MIFI 2010). Water cover type included open
lakes, ponds, or wetlands with no overstory cover. Open cover type included bare ground,
designated agriculture, or other non-water areas without trees.
I used Global Positioning System (GPS) location data collected from all collared
bears during the non-denning period (15 March to 14 December) to estimate annual and
seasonal black bear home-ranges and resource selection (Benson and Chamberlain 2007;
Waller et al. 2012; Tables 1). I clipped the GPS location data and habitat layers using the
boundary of Mississippi State to assess range size and to estimate resource selection
within Mississippi. I calculated annual and seasonal home-ranges for male and female
black bears using a 95% fixed kernel density estimator with least squares cross validation
smoothing parameters (Seaman and Powell 1996). Based on previous studies (Benson
and Chamberlain 2007; Oli et al. 1997; Waller et al. 2012), I identified three seasons:
spring (15 March–May 31), summer (1 June–14 September) and autumn (15 September–
14 December).
I calculated seasonal and annual home-ranges for each bear using a random
subsample of 30 locations for each bear per season and 100 locations per bear for each
year (Seaman and Powell 1996). I calculated mean home-range sizes and used analysis of
variance with post-hoc Tukey Honest Significance Difference test and generalized linear
mixed models (GLMM) with a normal distribution to determine variation in annual
home-range size between males and females and among seasons for each sex (Maletzke
et al. 2014; Zar 2010).
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4.3.3

Resource Selection
I used R software (version 3.1.2., R Development Core Team 2014) for statistical

analyses and modeling. Although bears were captured from 2005-2011, only bears with
>100 locations per year (2006–2011) and >30 locations per season (2005–2011) within
Mississippi state boundaries were included in the resource selection modeling. I
generated 1,000 random points within each seasonal home-range for each bear each
season and 2,000 random points within each annual home-range for each bear. In
addition to each bear location, for each random point I extracted parameter values
including cover type, distance to water, distance to road, elevation, presence or absence
within WRP, and human population density (people/km2; Bowman 1999; Unger 2007)
for each collared bear GPS location and random point generated. I standardized linear
covariates and used GLMMs with a poisson distribution to estimate annual and seasonal
selection with a statistical significance level of α = 0.05 (Bolker et al. 2009; Mcculloch
and Neuhaus 2013; Zuur et al. 2009). I tested for multicollinearity of parameters using
Pearson’s correlation coefficient (r > 0.7) of parameters to determine if any collinear
parameters should be excluded from the models (Dormann et al. 2012; Libal, et al. 2011).
I designated open as the reference land cover type, used occurrence as the response
variable, and assessed competing models using Akaike Information Criterion (AIC)
values for all bears in their seasonal or annual home-range. I included seven fixed
parameters (elevation, distance to water, distance to road, cover, sex, season, and WRP)
for evaluation of resource selection within the seasonal and annual home-ranges
(Burnham and Anderson 2002). I included individual bear as a random effect in the
seasonal GLMM and bear identification and year as random effects in the annual GLMM.
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4.4

Results
I captured and monitored 24 radio-collared black bears (13 adult males and 11

females [9 adults, 2 sub-adults]). I collected 32,380 locations and observed a GPS collar
acquisition rate of 63% + 16% for all collars combined. On average I acquired 167
locations per male each year and 488 locations per female each year.
I used a subsample of 4,300 locations to estimate annual home-range for 19 bears
(8 males and 11 females) and 3,120 locations to estimate seasonal home-ranges (39
autumn, n = 17 bears; 8 males and 9 females; 27 spring, n = 15 bears; 6 males and 9
females; 37 summer, n = 18 bears; 7 males and 11 females; Table 4.1). Four male bears
had insufficient location data (n <100 annual locations; n <30 seasonal locations) or too
few points within the state boundaries to perform home-range analyses. One additional
male was omitted from the home-range analysis due to transient movements which
resulted in an abnormally large home-range. Annual male home-ranges (𝑥̅ =151.1 km2 ±
131.9) were nearly three times larger than female home-ranges (𝑥̅ =58.1 km2 ± 42.5; F1,
17

= 4.86, P = 0.04).
I detected differences in seasonal home-range sizes between males and females

(F1, 48 = 10.36, P <0.01; Table 1). I found no differences among seasonal home-range
sizes for males (F2, 18 = 1.82, P = 0.19) or among seasonal home-range sizes for females
(F2, 26 = 0.81, P = 0.45, Table 4.1). Further, I identified no differences between seasonal
home-ranges with males and females combined (F2, 47 = 2.54, P = 0.09).
After censoring locations outside the Mississippi state boundary, I used 31,961
locations (7,541 male locations and 24,420 female locations) to estimate resource
selection from 20 bears (9 males, 11 females). The resources selection analysis included
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6,625 locations for spring (1,639 male locations, 4,986 female locations); 11,529 for
summer (2,043 locations, 9,486 female locations); and 14,021 for autumn (4,102
locations, 9,919 female locations). No pairs of parameters were collinear (|r| < 0.56).
Relative selection indices suggest bears used young hardwood stands more often (S =
2.4) than were randomly available (21.3% and 9.8%, respectively) on the landscape
(Manley et.al. 2002). Both male and female bears indicate a strong affinity toward young
hardwood with 23.3%, (S = 2.3) of male locations and 20.6% (S = 2.1) of female
locations were in young hardwood with only 10% available on the landscape within the
study area. I was not able to document the influence of human population density on
bears as the occurrence of bears in areas inhabited by human were too infrequent to
estimate the selection of this parameter. A low percentage of actual (9.3%) and random
(7.2%) locations were identified as WRP lands. Both male (n = 4) and female (n = 6)
bears used lands identified as WRP, but not every bear that had WRP available to them
were recorded to utilize these areas.
I found two competing models for population level annual resource selection. The
most parsimonious model (AIC = 182,569.2) for annual resource selection included
elevation, distance to roads, distance to water, cover type, sex, and WRP. The second best
model (AIC = 182,571.2) included elevation, distance to roads, distance to water, cover
type, sex, season, WRP, and random effects of individual bear and year. Bears selected
for areas of higher elevation, farther from roads and were less likely to use open or water
cover types. However, bears demonstrated positive selection for areas near water.
The most parsimonious models for seasonal resource selection included elevation,
distance to water, distance to road, cover type, WRP, and season, and the random effect
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of bear identification (Table 4.3). The second most parsimonious model included
elevation, distance to water, distance to road, cover type, WRP, sex, and season. Both
sexes selected for WRP lands and hardwood cover types of all ages, while they selected
against open and water cover types. Female bears selected areas closer to water during
the spring and autumn, farther from roads during all seasons, areas of higher elevation
during spring and lower elevation during summer and autumn (Figure 4.2). Males bears
selected areas of higher elevation during all seasons, farther from water during spring and
autumn, farther from roads during summer, but closer to roads during spring and autumn
(Figure 4.2).
4.5

Discussion
My estimates of black bear annual and seasonal home-ranges were larger than

those reported in other studies of resident and translocated bears in the southeastern
United States (Oli et al. 2002; Benson and Chamberlain 2007; Laufenburg and Clark
2014; Ulrey 2008), with the exception of resident female bears in Okefenokee-Osceola
ecosystem in southeast Georgia (i.e., Okefenokee) and northern Florida (Dobey et al.
2005 Moyer et al. 2007) and males bears in a recently recolonizing population in northcentral Florida (Karelus et al. 2016). However, two of the three Florida studies occurred
during droughts with corresponding mast failures (McCown et al. 2004; USDA 2016),
which may have resulted in the larger observed home-range sizes as bears likely traveled
greater distances to secure food (Amstup and Beecham1976). Though Mississippi
experienced abnormally dry to moderate drought conditions at various times during the
study period, severe droughts did not occur. The larger home-ranges were likely due to a
recolonizing population that was not restricted by the effects of density dependence.
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Occurring at a low population density with few threats, I suggest black bears in
Mississippi distribute themselves largely unconstrained and were able to select areas with
high-quality resources. However, I recognize that other factors including habitat
juxtaposition and connectivity, exploration and seeking mates, or adjacent range
expansion from source populations could influence observed space and resource use
(Bowman 1999 Simek et al. 2015; Weaver et al. 1996). I attempted to reduce potential
effects of exploration and expansion from source population by examining the location
data from within Mississippi only, and suggest the large home-ranges observed were
influenced by sex and age class of individuals and the innate behavior of seeking
resources and mates (Costello 2008; Costello et al. 2008; Hiller et al. 2015; Smith and
Pelton 1990). Female bears had large home-ranges due to lack of competition which
allowed them to select more suitable habitats. Although male bears often exhibit
extensive seasonal movements for mating (Costello 2010; Kovach and Powell 2003),
large male seasonal home-ranges in Mississippi may have been atypically influenced by
the low density of female bears and their disconnected spatial distribution.
Other studies have found recolonizing bears used larger home-ranges when
acquiring resources and establishing residency (Bales et al 2005; Karelus et al 2016).
Because most of the forest habitat (92%) in the study area is dominated by hardwood
species which produce forage and denning cover (MIFI 2010), it is unlikely that lowerquality habitat necessitated bears travel greater distances to obtain resources. Indeed,
earlier research in this area suggested highly productive black bear habitat (Bowman
1999) which should lend to smaller home-range sizes (Benson and Chamberlain 2007;
Oli et al. 2002). Because of low density, bears are able to exploit the full extent of
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resources available across the landscape. I would expect as more bears colonize the area
that home-range size would decrease as density dependence effects increase.
Male and female brown bears may select different areas of use to reduce
competition and interactions, therefore the sex of individual bears may be used as a
source to determine core and peripheral areas of resource selection (Swenson 1998, Libal
et al. 2011). However, I found no differences in annual habitat use between sexes for the
parameters I measured despite differences in annual and seasonal home-range size for
male and female bears. I found season does have an effect on spatial distribution and
resource selection for bears in Mississippi. Male and female bears differed seasonally in
their resources selection with females exhibiting more risk avoidance behavior than
males during all seasons (Nevin and Gilbert 2005; Waller et al. 2014). Although I was
not able to detect effects of human population density at the spatial scale measured, other
studies and earlier work using a landscape level spatial distribution determined human
development may alter resource selection by black bears (Simek et al. 2015; Waller et al.
2014). Further, the infrequency of human populations in the areas used by bears may be
indicative of avoidance by bears.
Similar to findings from Waller et al. (2014), I documented bears using areas at
higher elevations and farther from roads, thus further suggesting selection for these
resource parameters by black bears in Mississippi. Connectivity between forested areas
of high elevation and low road density may further the expansion and recolonization of
bears across Mississippi. Bear selection of areas near water may be a consequence of
refugia and other resources in these areas including emergent spring vegetation, aquatic
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protein sources (e.g., crustaceans, fish, and/or amphibians), and cooler temperatures
along riparian areas (Vander Hayden and Meslow 1999; Young and Beecham 1986).
Females were found to avoid roads and use WRP lands, which often provide more
understory cover (King et al. 2006; Waller et al. 2014). Because female bears are
essential to population growth and expansion, the seasonal differences in resource
selection suggest that managers would want to conserve those areas selected by female
bears to reduce mortality and promote recovery and recolonization (Costello 2010;
Gantchoff and Belant 2014).
Contrary to expectations and other research (Benson 2005; Bowman 1999; Oli
2002), black bear recolonizing Mississippi did not select older hardwood habitat more
frequently than available on the landscape. My results show that bears have a positive
association for hardwood species during all seasons and a strong affinity to young
hardwood areas. The weak selection effect for older hardwoods is likely due to older
hardwoods being the dominate forest cover in the Mississippi Alluvial Valley landscape.
These young hardwood stands likely offer various woody vines and patches of
blackberry (rubus spp.) and greenbrier (Smilax spp.) which offer food (soft mass) as well
as cover (both escape and shade) for bears (Bowman 1999; Van Manen 1991).
Additionally, hardwoods, such as oaks can tolerate and persist beneath other species until
the hardwood ultimately dominates the stand and becomes the canopy species (Johnson et
al. 2009; Moorhead et al.1990); thus allowing for the habitat to transition to a source of
fall forage and for denning space (Oli et al. 1997; Waller et al. 2012). While these young
hardwood stands may not be as readily available across the landscape, as compared to
older or medium aged hardwood stands, my results indicate bears will seek and utilize
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these areas when available which may contribute to the previously noted finding of large
home-range sizes. Resource selection by bears in Mississippi is affected by young
hardwoods and these results imply that WRP lands, if more frequent and in larger patch
sizes on the landscape may be selected for as bears expand their range because these
areas often contain young, regenerating hardwood (King et al. 2006).
The goal of the WRP in the MAV is to achieve improved wetland function and
values through optimizing wildlife habitat primarily through restoring bottomland
hardwood forest. Managing for areas of young hardwood (0–12 years) intermixed with
areas of old hardwood (>20 years) could result in an accelerated return of a healthy black
bear population in Mississippi. Explicitly incorporating parameters that may affect
resource selection by bears at varying temporal and spatial scales will provide a
framework from which to contextualize the value of habitat management and restoration
programs such as the Wetland Reserve Program (WRP) and SAFE Harbors (McLoughlin
et al. 2010; USDA 2017).
My results suggest conservation strategies that maintain both old and young
hardwood stands along with increasing the distribution of young hardwoods associated
with abundant soft mast would provide greater availability of cover and food resources
such as grasses, forbs, blackberry, pokeweed (Phytolacca spp.), and greenbrier for bears
in the spring after den emergence. Additionally, the hardwood stands would provide fall
cover and food resources which include hard mast such as oak acorns (Quercus spp.) and
hickory nuts (Carya spp.). Waller et al. (2012) documented the use of older hardwood
and softwood trees for denning. However, in areas where seasonal flooding or drier
conditions persist, such as areas with greater concentrations of younger hardwood and
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dense understory it is likely that these areas may provide ample cover for pre-denning
and den emergence (Waller et al. 2012).
My findings suggest there is ample suitable habitat within the Mississippi Alluvial
Valley in Mississippi for a viable black bear population. Consequently and because of
low population size, I suggest the current population is likely to continue to expand,
particularly in the Mississippi Alluvial Valley. Focusing on the landscape variables that
bears are responding to and understanding how selection differs among bears can assist
managers in prioritizing habitat connectivity, conservation, and land acquisitions for
bears. As the bear population expands, managers should continue monitoring bear habitat
preferences for varied hardwood age classes to further determine the amount of estimated
preferred habitats within a home-range that is necessary for successful recolonization and
recovery. Mapping these habitats could assist managers and guide conservation efforts to
provide restoration projects as well as land acquisition, mitigation, and enhancement
projects to provide suitable habitat for bears in Mississippi. These management actions
will improve the likelihood of successful recolonization and persistence of black bears
across Mississippi.
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Summer
Male
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Autumn
Male
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9

6
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35.1

55.6
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8

Female

Spring
Male

Female

151.1

Mean

Home-range
Number of individuals

32.1

160.0

32.0

38.4

29.4

31.1

42.5

131.9

Standard deviation

Mean annual and seasonal home-range estimates (km2) for American black bear (Ursus americanus) captured in
Mississippi, USA, 2006–2011. Home-range size was estimated using the 95% fixed polygon of a Kernel density
estimate calculated with LSCV smoothing parameter.
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-1.97
1.08
0.22
-0.79
-0.21

Water

Young Hardwood

WRP

Season: Spring

Season: Summer

0.35

Distance to Road

0.25

-0.21

Distance to Water

Old Hardwood

1.19

Elevation

0.71

-3.14

Intercept

Medium Hardwood

Standard Coefficient

Parameter

-0.45

-1.05

-0.10

0.79

-2.72

-0.02

0.33

0.16

-2.27

0.81

-4.51

Lower

0.02

-0.54

0.54

1.36

-1.22

0.51

1.08

0.54

-1.91

1.57

-1.77

Upper

95% Confidence Interval

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

P-value

Parameter estimates from the best generalized linear mixed model (Elevation + Dist_H2O + Dist_Road + Cover
+ Season + WRP + (1|BearID) + (1|Year) for estimating annual resource selection by black bear in Mississippi
Alluvial Valley, Mississippi, USA, 2006–2011.
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Standard Coefficient

-2.07
1.40
-0.14
0.31
0.79
0.40
-1.74
1.08
0.25
-0.54
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Intercept
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Distance to Water

Distance to Road

Medium Hardwood

Old Hardwood

Water

Young Hardwood

WRP

Season Spring

Season Summer

-0.66

-0.80

-0.07
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-2.49

-0.13

0.40

0.11

-0.32

1.00

-3.28

Lower

0.27

-0.28

0.58

1.38

-1.00

0.67

1.18

0.51

0.04

1.79

-0.87

Upper

95% Confidence Interval

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

P-value

Parameter estimates from the best generalized linear mixed model (Elevation + Dist_H2O + Dist_Road + Cover +
Season + WRP + (1|BearID) for estimating seasonal resource selection by black bear in Mississippi Alluvial Valley,
Mississippi, USA, 2006-2011.

Figure 4.1

American black bear (Ursus americanus) study area within the Mississippi
Alluvial Valley, Mississippi, USA, 2005–2011.
57

58

Figure 4.2

Number of bears significantly associated with estimates of annual resource selection from generalized linear
models with standardized coefficients (9 males, 11 females) in the Mississippi Alluvial Valley, Mississippi, USA,
2006–2011.

CHAPTER V
GENERAL CONCLUSIONS
5.1

Summary
Understanding the mechanisms that influence spatial distributions of a

recolonizing black bear population is necessary for advancing the ecological
understanding and management of these species, particularly in areas of recolonization.
While black bears are considered generalist species, suitable habitat (abundance and
distribution) and available food resources have been documented to influence bear
movements, reproductions, and home-range sizes (Elowe and Dodge 1989; Kertson et al.
2011; Koehler and Hornocker 1991; Schwartz and Franzmann 1991). Being able to
directly link and identify resources as driving parameters for recolonizing black bears
presence and successful establishment of resident populations can lend to understanding
the diversity of needs for both population-level and individual level persistence. Most
management decisions are made at the population-level, however, understanding the
response mechanisms at various scales can have direct influence on the resulting
biological outcomes of management actions.
In Chapter 2, my data confirms that bears have been returning to areas within
their historic range and occupied range in Mississippi has increased. Data gathered during
my study indicates human-induced mortality was the prominent known cause of bear
mortalities in Mississippi. However, I found evidence that the recolonizing bear
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population in Mississippi is likely in part a consequence of bears dispersing from
adjacent states of Louisiana, Arkansas, and Alabama.
In Chapter 3, the data supported the hypotheses that bears most utilized areas of
apparent suitable habitat nearer source populations. I also found evidence to support the
risk-disturbance hypothesis as the probability of black bear use of areas near roads was
less, at a landscape level (Lewis et al. 2011; Mace et al. 1996; Northrup et al. 2012).
Further, my results strongly support emigration from established bear populations in
adjacent states (i.e., Arkansas and Louisiana) is aiding and potentially expediting the
recolonization of bears in Mississippi. At the landscape scale the influence of cover type
was not detected. Although documented in other studies on resident bears (Wooding and
Hardisky 1994; Young and Beecham 1986), recolonizing bears in Mississippi did not
appear to establish areas of use based on cover type at the spatial (landscape level) (3.8
km grid) and temporal (annual) resolutions analyzed in this segment of my research.
Also, I found no evidence of influence from elevation and distance to water at the
landscape level. Given the low human population density throughout the study area and
legal protections currently afforded bears statewide, there was no evidence at the
landscape scale that human population density influenced black bear resource selection.
These results provide strong support for first-order environmental cues at the populationlevel and recognizing the importance of scale when assessing the predictive drivers or
mechanisms for recolonizing bear populations.
In Chapter 4, my findings further highlight earlier work that bears avoid areas
close to roads (Kasworm and Manley 1990; Mace et al. 1996; Reynolds-Hogland and
Mitchell 2007; Waller et al. 2013) and that management programs should consider using
60

population and individual level landscape attributes at multiple spatial and temporal
scales. Female bears in my research selected areas farther from roads during all seasons
and closer to water during spring and autumn. I found that recolonizing bears,
particularly males, in Mississippi have larger home-ranges than those documented in nonrecolonizing bear populations in the southeastern United States (Oli et al. 2002; Benson
and Chamberlain 2007; Laufenburg and Clark 2014; Ulrey 2008). Further, though habitat
selection varied by individual bears, the results provide general selection patterns by both
male and female bears. As expected, bears selected for hardwood forests. However, my
assessment showed a strong positive relationship between bears and young-aged
hardwood (0–12 years) stands. The results suggest that when available bears will seek
young-aged hardwood stands in the Mississippi Delta.
Given the extent of variability in habitat across Mississippi and the low density of
bears statewide, my research provides initial information of resource selection by bears.
Clearly there exists a need for additional studies, at various spatial and temporal scales, to
better fully understand the influence of environmental parameters on recolonizing bear
populations. However, these results suggest there is ample opportunity and suitable
habitat within the Mississippi Alluvial Valley for establishment of a viable black bear
population. Further, recolonizing bears in Mississippi are functioning as would be
predicted by standard ecological theories. However, there is evidence from this study that
suggests multiple factors must be considered when developing management strategies for
a recolonizing population. Those management strategies need to focus on maintaining
varied hardwood age classes, continued efforts for habitat restoration, linkage and
enhancement projects, and recognition that as the bear population establishes the density
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of bears will increase and their movements and resource selection may shift as there is
more competition on the Mississippi landscape.
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